Abstract. This study suggests a method of valuation for wood coming from dead trees which was applied for pricing of such wood found in Polish forests. This study shows that in Polish forest there are approx. 52 million m 3 biocenotic wood coming from dead or dying trees with an estimated value of 1.5 billion PLN/10 years.
INTRODUCTION
Forestry economy in most European countries has been facing aggravating financial problems for years. They result from the relatively limited increase or even stagnation in wood prices and growing outlays in forest economy to realise environmental and social functions of forests (Adamowicz and Dyrcz, 2008; Adamowicz, 2010) . At the same time, socio-economic, ecological and cultural changes have led to modifications in the paradigm in forestry and forest economy. Several years ago most forestry enterprises (producers) worldwide focused solely on timber production, while today forest economy is multi-functional as well as economically, socially and ecologically sustainable (Harrison et al., 2002) .
Wood from dead trees left in the forest is one of the elements comprising the forest environment. Variation of abandoned wood in terms of their species, the degree of decomposition or the size of fragments is crucial for the maintenance of undisturbed biodiversity of forest phytocenoses (Faliński, 1978; Faliński, 1986; Sousa, 1980; White and Pickett, 1985; Siitonen et al., 2000; Bobiec, 2002; Gutowski et al., 2004; Pawicka and Woziwoda, 2011) .
A lying log is a habitat for liverworts, mosses and certain vascular plants, as well as fungi and many animal species adapted to living on the substrate (Lindhe and Asenblad, 2004; Ódor and Hees, 2004; Zielonka and Piątek, 2004; Jonsson et al., 2005; Kupferschmid and Bugmann, 2005) . In the opinion of Solon and Wolski (2002) , the primary objective of dead wood management is to leave such a volume and quality assortments of wood, which could be sufficient to ensure continuous existence or an increase in the populations of organisms using it. Hanski and Walsh (2004) stated that resources of dead wood should be maintained at 50 m 3 /ha (Pawicka and Woziwoda, 2011) . It needs to be stressed that the supply of non-production function contributes to an increase in production costs and a reduction of revenue from wood sales, which as a consequence, will be a burden to the budget of forest management units and thus will inflate operating costs for timber enterprises. However, it is necessary to incur these costs in view of the adopted paradigm for the realisation of forest economy in Europe and many countries worldwide. This problem has been indicated e.g. by Klocek and Płotkowski (1997) , Hałuzo and Musiał (2004) , Szramka (2004; Adamowicz (2012) . It needs to be remembered that forest economy in Poland is based on the selffinancing principles, thus when managing the forest environment we have to remember about economic conditions (Adamowicz and Kaciunka, 2014) .
Objective and methodology of the study
The primary research task was to make an attempt at an valuation of wood coming from dead trees in stands in Poland, focusing on forested areas managed by the State Forests National Forest Holding.
In order to realise the primary research objective it was decided to determine the volume of timber from dead trees, establish the average price per 1 m 3 for the analysed material and to determine total and 10-year value of timber from dead trees found in Polish forests.
In order to determine the volume and variation in the value of wood coming from dead coniferous and deciduous trees the guidelines presented in the Comprehensive Forest Survey in Poland (2011) were followed, i.e. coniferous species in the total volume of dead standing trees, irrespective of the type of ownership, account for 59.9%. This share in the State Forests is 56.3%, while in private forests it is 63.6%. In the case of fallen trees lying in forests of all categories softwood accounts for 55.1%, while in PGL LP it is 57.6%.
In view of the fact that wood coming from dead trees is typically a material of the lowest quality, in calculations of the value of timber coming from dead standing trees we assumed the price of the medium-sized material in quality dimensional grade S4 and in the case of dead wood it was the price of small-dimensional timber.
In order to eliminate short-term fluctuations in prices found on the market for timber (round wood) in different regions of Poland, the calculations were based on the mean price averaged from all the forest administration units in Poland. The effect of periodical fluctuations on the results was limited thanks to the application of the mean price with the equivalent prices from the two years preceding the study period (2011 and 2012) .
Prices were calculated based on financial and management reports of PGL LP for the 2011 and 2012.
Similarly, as in the economic appendix prepared by BULiGL in Warsaw for the Strzelce Opolskie Forest Division (Wysocka-Fiorek, 2012), it was assumed that the mean decomposition rate of timber for wood coming from fallen dead trees and their fragments is 20 years, while for wood coming from standing dead trees and broken trees 30 years. Taking into consideration the above assumptions for the calculation of timber value in a 10-year period we applied conversion factors calculated from the quotient of the mean decomposition rate of timber and the adopted study period. For wood coming from dead standing trees this index is 0.33 (10/30 = 0.33), while for fallen trees 0.50 (10/20 = 0.50).
RESULTS
Based on the investigations conducted by the authors of this study and an analysis of available source materials it was found that in Polish forests the total volume of biocenotic wood coming from dead or dying trees is approx. 52 million m 3 (Wielkoobszarowa inwentaryzacja..., 2014).
Following the adopted methodological assumptions the volume of timber coming from dead trees was determined. When the price and volume of wood coming from standing and fallen trees were established, the value of the above mentioned wood as raw material was determined. It was assumed that within a 10-year period the volume of wood coming from dead trees would not change drastically.
In view of the above assumptions the value of dead wood and wood from dead standing trees as raw material was determined. 
DISCUSSION
The primary groups of functions of forests (production and non-production) may be and are realised by each forested area. However, provision of one type of services by the forest typically requires a compromise in relation to its other functions. The extent of this compromise depends on the character of technical and economic relationships between individual functions of the forest (Płotkowski, 1994) . This compromise is directly correlated with changes in the modification of the timber market (wood supply) (Adamowicz, 2012) . As it was shown in the course of the research process, leaving dead trees in forested areas is of importance for the volume of timber supplied on the market.
The value of functions connected with the protection of biodiversity in forests is determined by the so-called alternative costs, manifested in the volume of lost profits (Płotkowski, 2010) . Conducted analyses showed that estimated alternative costs resulting from the ecological and protective functions related to leaving wood of dead trees in Polish forests amount to over 1 545 million PLN in a 10-year period, i.e. approx. 155 million PLN/year. As a result the State Forests National Forest Holding incurs losses of approx. 109 million PLN/year. Thus we need to decide whether the above mentioned amounts are high or low as the value of lost revenue resulting from the timber not being utilised. However, in view of the fact that almost 60% living organisms in the forest, to a varying degree, use resources of dead wood (Bunnell et al., 2002) it seems that the role of such wood is of great value.
When utilising commercially raw material from dead or dying trees and at the same attempting to preserve the current diversity of avifauna it seems necessary to undertake actions leading to the application of such substitutive measures as e.g. nest boxes. These actions are connected with certain costs and their effectiveness is frequently rather low in comparison to that of natural solutions.
At present opinions are voiced that forest economy leads to a systematic removal of trees with low economic value or constituting an apparent threat to the stability and viability of commercial forests. Preservation of the adequate sanitary condition of the forest is assured thanks to the removal of dead, dying and decaying trees, which leads to a great impoverishment of nature resources in commercial forests. Moreover, felling in stands is connected with the extraction of large-sized trees, and as such almost completely eliminates the potential for natural emergence of large volumes of dead wood (Marage and Lemperiere, 2005) . Ciach (2013) presented an opinion that although at present in commercial forests we may observe considerable volumes of dead wood, they are most typically stumps left after earlier commercial management and small-sized or considerably decomposed trees as a result of natural elimination, or single shelter trees being left in accordance with management plans. As a consequence, commercial forests lack large-sized trees varying in the degree of their decomposition. As presently in Polish forests we have almost 52.5 million m 3 dead wood and annually forest management units incur social costs in the form of lost profits, resulting from the decision not to utilise this wood in excess of 150 million PLN, we may hardly agree with these statements. It has to be remembered that forest economy in Poland operates on the self-financing basis. In the period of high demand for timber it is possible to incur costs connected with forest management satisfying high ecological standards. The practical implementation of the concept of sustainable development of forestry requires increased expenditure on forest economy. It turns out that management of forest ecosystems in a manner ensuring permanent multifaceted benefits from forests is much more expensive than the forest economy focused primarily on wood production. In this situation the primary economic pre-condition for the preservation of forests and their enhanced ecological function is to secure a permanent inflow of funds to run forest economy. It needs to be remembered that this activity is financed primarily by income from wood sales and to a lesser degree sale of other forestry products (Płotkowski, 2010) .
However, it is commonly believed -and it needs to be accepted -that non--productive functions of forests are a multiplication of their estimated economic value. A separate problem is connected with a reliable valuation of non-productive functions and the related alternative costs, as well as willingness to accept potential social outlays, which would need to be allocated to forests as a equivalent for the social functions they serve. Šišak (2011) presented an opinion that in a multi-functional concept of forestry the economic efficiency of commercial wood production is greatly burdened with the required intensification of non-timber production functions of forests. Forest economy as an activity aiming at wood production may be considerable limited for various reasons, first of all as a result of extension of environmental functions of forests. It is becoming increasingly obvious that the commercial forest production (particularly production of timber as well as other traditional merchantable forestry products) may not be sufficient to finance the increasing social demand for non-production functions of forests in individual countries. Provision of these services usually results in increased pro-duction costs and reduced revenue of forest management units. For this reason forest owners and administrators have to search for other potential sources of financing of forest economy, including commercialisation of traditional non-timber products and functions of forests. For this reason when designing forest associations including biodiversity and species variation we have to remember about economic aspects, particularly market demands. In this respect we need to agree with Szczypa (2012) that proecological actions are becoming a major factor in the strategy and long-term objectives of management units.
CONCLUSIONS
The analyses and presented results of other studies concerning estimated value of timber coming from dead trees provide grounds for the following remarks and conclusions.
The current forest management meets framework conditions of multifunctional economy. In Polish forests we have approx. 52 million m 3 biocenotic wood coming from dead or dying trees.
Wood of dead trees plays a key role in the maintenance of forest biodiversity, particularly in the case of saprophilous species thriving on dead wood. Maintenance of the current amounts of biocenotic timber in forests requires the decision to limit its utilisation. The estimated volume of lost revenue as a consequence of timber being left in forests as biocenotic wood in a 10-year period amounts to over 1.5 billion PLN.
In view of the relatively little known problem of lost benefits connected with the multifunction forest economy, further detailed studies are required in this respect in order to comprehensively identify financial outlays incurred for proecological activity of forest management units. It will be of importance for pure science and education, increasing social awareness of the volume of these activities and costs incurred to maintain the current level of biodiversity in forests.
SUMMARY
Wood from dead trees plays a key role in the maintenance of forest biodiversity, particularly for species which habitat is dead wood. Maintenance of the current amount of biocenotic timber in forests is connected with failure to completely utilise it, resulting in a lack of revenue from sale of such wood. At present in Polish forests there are approx. 52 million m 3 of biocenotic wood coming from dead or dying wood. Its value was determined assuming that this material may be classified to assortments with low technical quality. Based on this study it was found that estimated revenue lost as a result of timber being left in Polish forests for biocenosis conservation in a 10-year period is over 1.5 billion PLN.
